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Introduction {#sec001}
============

With the growth of populations and the worldwide development of urbanization, the occurrence of crowd phenomena is increasingly frequent in large cities \[[@pone.0222389.ref001],[@pone.0222389.ref002]\]. There is a wide range of crowd phenomena \[[@pone.0222389.ref003]\], including protests and demonstrations \[[@pone.0222389.ref004]\], crowding \[[@pone.0222389.ref005]\], football crowds \[[@pone.0222389.ref006]\], religious crowds \[[@pone.0222389.ref007]\], festival mass gatherings \[[@pone.0222389.ref008]\], and tourism crowding \[[@pone.0222389.ref009],[@pone.0222389.ref010]\]. However, as the tourist population increases, highly aggregated tourist crowds (HATCs) appear more frequently. In China, under the catalysis of special time periods, HATCs are likely to appear in specific places. For example, tourists gather together and form HATCs in cable car stations, transfer centers and ticket offices in the popular tourist spots during the Golden Week. However, because of the high density and complexity of the crowd, it is easy for emergencies to occur within the crowds during mass events \[[@pone.0222389.ref011],[@pone.0222389.ref012]\], including trampling accidents \[[@pone.0222389.ref013]\], such as the Shanghai stampede on the bund and the Love Parade disaster, which resulted in injuries and deaths \[[@pone.0222389.ref014]\]. Obviously, it is a difficult and important task for organizers to manage crowds \[[@pone.0222389.ref015],[@pone.0222389.ref016]\]. Therefore, this paper focuses on the safety issues of HATCs due to their high potential risk, which will be useful for the management of HATCs.

Currently, research has been essential in studying the safety of dense crowds, but there has been comparatively less research concerning the safety of HATCs. Many studies on dense crowds have focused on the influencing factors affecting the safety of crowds, such as the crowd density and the crowd behavior. The density of a crowd is the root cause of accidents \[[@pone.0222389.ref017]\]. As the density of a crowd increases, the normal order of the crowd will gradually decrease \[[@pone.0222389.ref018]\]. The higher the density of the crowd is, the higher the potential risk of accidents \[[@pone.0222389.ref019]--[@pone.0222389.ref021]\]. Therefore, crowd safety is an important research issue \[[@pone.0222389.ref003]\]. Crowds with a density higher than 3--4 persons per square meter must be avoided \[[@pone.0222389.ref022]\]. In addition, the crowd density should be controlled so that it remains under 5 persons per square meter \[[@pone.0222389.ref001]\]. Therefore, many researchers regard 5 persons per square meter as the critical density \[[@pone.0222389.ref019],[@pone.0222389.ref023]\]. If the density of a crowd is higher than 5 persons per square meter, it is dangerous for the crowd and is also likely to cause an accident. Therefore, much effort has been focused on estimating the density of crowds \[[@pone.0222389.ref024]\]. There are many methods to estimate the density of crowds, such as developing a system that uses wireless sensors and k-means clustering to estimate the density of crowds \[[@pone.0222389.ref025]\] or using a wearable electronic device to detect the crowd density \[[@pone.0222389.ref023]\].

However, the complex behavior of crowds is another root cause of accidents \[[@pone.0222389.ref026]\]. Because of the importance of crowd behavior to crowd safety \[[@pone.0222389.ref002]\], the research on crowd behavior has received much attention. Generally, the research on crowd behavior has focused on two major aspects: crowd behavior detection techniques and the analysis of crowd behavior in different situations. Many researchers have suggested using different techniques to detect crowd behavior, such as using video cameras\[[@pone.0222389.ref007],[@pone.0222389.ref021],[@pone.0222389.ref027]\], a tracklet-based model\[[@pone.0222389.ref028]\], a hybrid tracking model and a GSLM-based neural network\[[@pone.0222389.ref029]\], the particle entropy\[[@pone.0222389.ref030]\], and energy models\[[@pone.0222389.ref031]\], an Air Patrol Robot\[[@pone.0222389.ref032]\], an entropic path-integral model\[[@pone.0222389.ref033],[@pone.0222389.ref034]\], and so on. In addition, a few researchers have analyzed the crowd behavior under different circumstances, such as during an earthquake evacuation\[[@pone.0222389.ref035]\], in a t-shaped channel\[[@pone.0222389.ref036]\], in a football stadium\[[@pone.0222389.ref037]\] and during high-stress evacuations\[[@pone.0222389.ref038]\].

An HATC is a special type of crowd phenomenon. With the normalization and popularization of tourism, HATCs appear increasingly more frequent \[[@pone.0222389.ref010]\]. However, few studies have explored the safety of HATCs. The crew, environment, facilities, management, space-time and other factors affect the safety of HATCs \[[@pone.0222389.ref039],[@pone.0222389.ref040]\]. In addition, some studies have focused on the management of the safety of HATCs, such as congestion mitigation strategies \[[@pone.0222389.ref041]\], dynamic adjustments of travelling routes \[[@pone.0222389.ref042]\], and emergency evacuation strategies \[[@pone.0222389.ref043]\].

Accordingly, even though there have been a few studies that focused on the safety of HATCs, the safety of HATCs has not yet received adequate attention. According to the analysis of the literature, there are some research opportunities. First, there are not many comprehensive analyses of HATC accidents. The comprehensive analysis of crowd accidents would be helpful for forming a safety management strategy for crowds \[[@pone.0222389.ref001]\], such as analyzing the Love Parade disaster and proposing management suggestions \[[@pone.0222389.ref044]\]. It is regrettable that there has been a lack of analyses of multiple cases that could help us to form measures for the safety management of HATCs. Second, the occurrence mechanism and coping paths of HATCs accidents are not clear. It is necessary for managing crowds to determine the interactions of the influencing factors of crowd accidents \[[@pone.0222389.ref020]\].

According to the research opportunities, this paper will conduct a comprehensive analysis of HATC accidents. The objectives of this paper are as follows: 1) to comprehensively analyze and explore the factors influencing the safety of HATCs; 2) to determine how these influencing factors interact with each other and to investigate the occurrence mechanism of HATC accidents; and 3) to address the problem how to cope with HATC accidents and find the coping paths of HATC accidents.

HATCs are becoming increasingly more frequent. However, previous studies have focused on dense crowds and have not paid enough attention to HATCs, especially the safety of HATCs. Furthermore, while previous studies have paid much attention to how to use technology to detect crowd behavior in different situations, they have paid little attention to why crowd accidents occur and how to deal with them. Therefore, this paper focused on the causes of HATC safety accidents and how to address them. Considering the objectives of this study, this work makes significant theoretical contributions and is particularly valuable in two respects. Theoretically, this paper focuses on special crowd phenomena and explores the safety of HATCs, which can enrich the HATC research. Specifically, this paper determines the reasons why HATCs are insecure and forms a safe operation mechanism for HATCs. Meanwhile, this paper answered why HATC accidents occur and how to cope with them, which can fill the research gaps regarding the occurrence mechanism and coping paths of HATC accidents. Practically, this paper reveals the occurrence mechanism and coping paths of HATC accidents, which can provide references and enlightenment for strengthening the safety management of HATCs.

In the following section, this paper will introduce the materials and methods that we used to analyze these cases. Then, we will use system dynamics to analyze the interaction among the influencing factors under different situations and refine the occurrence mechanism of HATC accidents. With that, this paper will explore how to cope with HATC accidents and establish the coping path for such accidents. Last but not least, this paper will conclude with a discussion and future research prospects.

Materials and methods {#sec002}
=====================

Materials {#sec003}
---------

Analyzing typical cases is an important way to research the safety of HATCs. Social media and web data analysis play important roles in crowd management\[[@pone.0222389.ref045]\]. Therefore, this paper used Baidu News and Sina Weibo to search for typical cases regarding the safety of HATCs for the following reasons. Baidu News is the largest Chinese news platform that was launched by China's largest search engine Baidu \[[@pone.0222389.ref046]--[@pone.0222389.ref048]\], which can ensure the collection of a sufficient number of cases. Baidu News retains all the news since July 2003, which ensures that we can collect enough information. In addition, Sina Weibo is the most popular microblogging service in China with a total number of users that is close to the number of Twitter users \[[@pone.0222389.ref049]\]. Sina Weibo records what people see, hear, and experience in the self-organized platform and also provides a platform for data mining \[[@pone.0222389.ref050]\].

We used ten kinds of keywords, such as 'Scenic + congestion' and 'Tourists + blowout', to search for and collect the cases. In addition, this paper proposes five principles of case selection. First, the time period for the cases that were collected from Baidu News ranges from November 4, 2003 (Baidu News was launched on November 4, 2003) to May 31, 2017. Meanwhile, this paper collected cases from Sina Weibo from August 14, 2009 (the day when Sina Weibo was launched) to May 31, 2017. Second, we localized the cases in mainland China, including 22 provinces, 4 municipalities and 5 autonomous regions. Third, the cases that were collected from Baidu News were taken from the online version of published, local government official websites, professional news sites, and authoritative websites (including mainstream social media and websites in China, such as China's mainstream media: Sina, Souhu, NetEase, [www.toutiao.com](http://www.toutiao.com), [www.gmw.cn](http://www.gmw.cn), people.cn, ifeng.com, etc.). Fourth, the cases that were collected from Baidu News and Sina Weibo were required to be accompanied by pictures or videos, which can help us to intuitively determine whether the case falls within the HATC category based on the visual information. In this paper, we treated the crowds whose density was higher than 3 persons per square meter and where more than 50 people were gathered together as HATCs. HATCs were mainly identified and defined according to two patterns. In this paper, whether a crowd was an HATC or not was judged mainly based on whether the news directly mentioned the density and population of the crowd. The second estimates whether the number and density of the crowd met the HATC standard according to the scene's pictures and video. Fifthly, the text of the collected cases was required to be more than 200 words, which can ensure that the cases contain enough information. According to the above principles, this study collected 264 cases. Among these 264 cases, 158 cases came from Baidu News, and 106 cases originated from Sina Weibo. Our data collection method complied with the terms and conditions for the websites from which we collected data (Sina Weibo and Baidu News). Besides, all the personal information of tourists involved in the cases is protected.

These 264 cases in this study involved different spatial types. From a macro perspective, the accidents took place in multiple scenarios, including mountainous places (56.44%), folk custom places (8.71%), historical places and sites (7.20%), rivers and lakes attraction (6.44%), theme parks (4.55%), ancient blocks (4.17%), coastal islands attraction (3.79%), public areas (3.03%), ancient sites (3.03%), classical gardens (1.14%), biological landscape places (1.14%), other places (0.38%) and other places than these 12 classes. From the micro perspective, the accidents occurred in three kinds of micro spaces, including key nodes (66.67%, consisting of scenic site entrances, funiculars, floating docks, scenic spot ticket windows, hot spots, etc.), key sections (18.94%, consisting of swim trails, plank roads, glass plank roads, town streets, rivers, etc.), and important areas (14.39%, consisting of squares, parking lots, ancient blocks, temple fairs, etc.).

Method {#sec004}
------

System dynamics (SD) as a system analysis method that was founded by Jay Forrester for industrial dynamic management \[[@pone.0222389.ref051]\]. SD is grounded on the theory of nonlinear dynamics and feedback control, and it also combines the knowledge of other social sciences, such as economics and social psychology, to analyze the complex behaviors of systems \[[@pone.0222389.ref052]\]. It has been found that SD is a useful methodology to analyze complex systems and behaviors using techniques such as influence and causal loop diagrams and computer simulations \[[@pone.0222389.ref051],[@pone.0222389.ref053],[@pone.0222389.ref054]\]. Especially, the causal loop modeling of SD focuses on the feedback among the variables in a system \[[@pone.0222389.ref053],[@pone.0222389.ref055]--[@pone.0222389.ref057]\], which can effectively explore the interactions among the various factors and determine the causal relationship among the elements \[[@pone.0222389.ref058],[@pone.0222389.ref059]\].

The occurrence of accidents is the result of the interactions of multiple factors. It is necessary to figure out the interactions among the various factors influencing the accidents when we want to explore the occurrence mechanism of accidents\[[@pone.0222389.ref060]\]. SD is known for its ability to unravel complexity\[[@pone.0222389.ref053]\] and explore the interactions among the various factors. Because of the unique benefits of SD, this method has been widely used in accident and disaster research, such as that of the Westray mine disaster \[[@pone.0222389.ref061]\], organizational accidents\[[@pone.0222389.ref055],[@pone.0222389.ref062]\], ship accidents \[[@pone.0222389.ref063]\] and aircraft accidents \[[@pone.0222389.ref052]\].

A crowd is a living system \[[@pone.0222389.ref064]\]. Furthermore, the root cause of crowd accidents lies in the failure of the system \[[@pone.0222389.ref044]\]. Thus, we can analyze HATC accidents from a systematic perspective. Furthermore, the occurrence of HATC accidents is the result of the interactions of multiple factors \[[@pone.0222389.ref065]\]. Therefore, this paper attempts to analyze the occurrence mechanism of HATC accidents using system dynamics, especially the causal loop modeling of SD.

Results {#sec005}
=======

The factors influencing the safety of HATCs {#sec006}
-------------------------------------------

This paper comprehensively analyzed cases and refined the factors influencing the safety of HATCs. Subsequently, grounded theory was applied to identify the factors that influence the security of HATCs. The following process was applied. Open coding analysis was performed based on the following logical analytical procedure: Define the Phenomenon, Develop the Concept, and Extract the Category. According to the analysis of the open coding of grounded theory, by defining the phenomenon (the authors found and defined 216 phenomenon), conceptualization (according to the 216 phenomenon, the authors identified 138 preliminary concepts), standardization (the authors extracted 68 normative concepts by reanalyzing the 138 preliminary concepts) and categorization (the authors concluded 26 influencing factors after combining and reanalyzing the 68 normative concepts), the authors gradually and finally extracted the 26 influencing factors \[[@pone.0222389.ref065]\], which are shown in [Table 1](#pone.0222389.t001){ref-type="table"}.

10.1371/journal.pone.0222389.t001

###### The factors influencing the safety of HATCs.

![](pone.0222389.t001){#pone.0222389.t001g}

  Factor   Context                                       Factor   Context
  -------- --------------------------------------------- -------- -----------------------------------------------
  F1       Catalyst of a special time period             F14      Emergency plan response
  F2       Insufficient warning for tourists             F15      Management response for tourists
  F3       Pressure of tourist gatherings                F16      Advance management response for tourists
  F4       Stimulation of attractive elements            F17      Strengthened management response
  F5       Pressure produced by tourists                 F18      Insufficient management response for tourists
  F6       Environmental pressure of traveling           F19      Insufficient joint response
  F7       Service pressure                              F20      Insufficient management response
  F8       Failure of the service's function             F21      Lack of an emergency plan
  F9       The psychological status of tourists          F22      Lack of an advanced management response
  F10      The physical status of tourists               F23      Lack of a management response for tourists
  F11      The state of tourist behavior                 F24      Lack of a management response
  F12      Tourists' complaints                          F25      Proposing solutions
  F13      The state of the order of the tourist crowd   F26      Joint response

The results revealed that there were 26 influencing factors that affected the security of HATCs, including the tourist flow pressure, tourist behavior status, and enhanced management response. The application of a typical grounded theory analytical framework, namely, 'causal condition-phenomenon-context- mediating condition-action/interaction strategy-result', revealed that the following five factors influenced the security of HATCs: multiple source pressure, state variations, high-quality emergency management responses, poor emergency management responses, and emergency management response losses.

Different types of pressure are one of the causes of crowd accidents \[[@pone.0222389.ref066]\]. According to [Table 1](#pone.0222389.t001){ref-type="table"}, this paper found that there were many types of pressures that HATCs faced, such as F3 (pressure of tourist gatherings); F6 (environmental pressure of traveling); and F7 (service pressure). These different types of pressures are combined and referred to as multisource pressures. Thus, the first main category is multisource pressure, and it includes F1, F2, F3, F4, F5, F6, and F7.

The sudden changes of the state are often associated with crowd accidents \[[@pone.0222389.ref034]\]. According to the analysis of the HATC accident cases, there were many sudden state changes, such as sudden changes of the service state, sudden changes of the psychological status of tourists, sudden changes of the state of tourist behavior, and so on. Considering the state changes during the accidents, this paper defined the special phenomenon as a state mutation. The state mutation referred to a dramatic and sudden changes of the state, including F8 (failure of the service's function), F9 (the psychological status of tourists), F10 (the physical status of tourists), F11 (the state of tourist behavior), F12 (tourists' complaints), and F13 (the state of the order of the tourist crowd).

However, whether an accident happened or not is directly affected by the quality of the management response of an organization \[[@pone.0222389.ref052],[@pone.0222389.ref054]\]. According to the 264 cases, this paper divided the emergency management responses into three aspects: the lack of an emergency management response, a low quality emergency management response and a high-quality emergency management response. All of the cases of the lack of an emergency management response, a poor emergency management response and a high-quality emergency management response are concluded based on the statement of the cases. According to the factors affecting the safety of HATCs that are shown in [Table 1](#pone.0222389.t001){ref-type="table"}, this paper identified low quality emergency management responses by referring to negative emergency responses to multisource pressures and state mutations, including F18 (insufficient management response for tourists), F19 (insufficient joint response) and F20 (insufficient management response \[[@pone.0222389.ref045]\]). However, high-quality emergency management responses refer to the positive responses of organizations to multisource pressures and state mutation, including F14 (response of the emergency plan), F15 (management response for tourists), F16 (advanced management response for tourists), F17 (strengthened management response), F25 (proposing solutions) and F26 (joint response). When facing multisource pressures and state mutations, if the organization did not conduct any emergency response, we defined it as the lack of an emergency management response, including F21 (lack of an emergency plan), F22 (lack of an advanced management response), F23 (lack of a management response for tourists), and F24 (lack of a management response).

The operational mechanism of HATCs in a safe state {#sec007}
--------------------------------------------------

Based on the 264 accident cases, this paper extracted and filtered the relationships among the 26 factors that are shown in [Table 1](#pone.0222389.t001){ref-type="table"} by analyzing the stated related factors in the text of the cases. A typical statement of the related factors in the cases and the relationships among these factors in a safe state are shown in [Table 2](#pone.0222389.t002){ref-type="table"}.

10.1371/journal.pone.0222389.t002

###### The typical statements of the related factors and their interactive relationships of operational mechanism of HATCs in a safe state.

![](pone.0222389.t002){#pone.0222389.t002g}

  interactive relationships between factors   The typical statements of the related factors
  ------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  F3→+F8                                      Due to the large number of tourists that were gathering (F3, Pressure of tourist gatherings), the tourist buses must stop two kilometers away from the ropeway, and the tourists walked to the ropeway
  F3→+F11                                     Nearly a thousand tourists have been stuck here for approximately 30 minutes (F3, pressure of tourist gatherings), and impatient tourists clambered up the wall to find another way (F11, the state of tourist behavior).
  .......                                     ......

After analyzing the interactions of the factors in safe states, we used the Vensim PLE 7.0 software \[[@pone.0222389.ref054],[@pone.0222389.ref067]\] to draw the causal loop diagram of the interaction of the factors influencing the safety of HATCs, which is shown in [Fig 1](#pone.0222389.g001){ref-type="fig"} ("+" means a positive effect and "-" means a negative effect). These elements interact with each other and form 81 causal loops. The typical interaction among the factors is shown as follows.

![The interaction among the elements of the HATCs in a safe state.](pone.0222389.g001){#pone.0222389.g001}

The interactive relationship of the three factors is as follows: F5 positively affects F8, F8 positively affects F15 and F15 negatively affects F5. In addition, F5 positively affects F11, F11 positively affects F17, and F17 negatively affects F5.

The interactive relationship among four elements is as follows: F5 positively affects F11, F11 positively affects F8, F8 positively affects F15, and F15 negatively affects F5. In addition, F5 positively affects F11, F11 positively affects F13, F13 positively affects F17, and F17 negatively affects F5.

The interactive relationship among five elements is as follows: F5 positively affects F9, F9 positively affects F11, F11 positively affects F8, F8 positively affects F17, and F17 negatively affects F5. F5 positively affects F9, F9 positively affects F11, F11 positively affects F14, F14 positively affects F17, and F17 negatively affects F5.

The interactive relationship among six elements is as follows: F5 positively affects F9, F9 positively affects F11, F11 positively affects F13, F13 positively affects F8, F8 positively affects F15, and F17 negatively affects F5. F5 positively affects F7, F7 positively affects F8, F8 positively affects F11, F11 positively affects F13, F13 positively affects F17, and F17 negatively affects F5.

The relationship among seven elements is as follows: F5 positively affects F13, F13 positively affects F9, F9 positively affects F11, F11 positively affects F14, F14 positively affects F17, and F17 negatively affects F5.

This paper refined and proposed the operating mechanism that is shown in [Fig 2](#pone.0222389.g002){ref-type="fig"} according to the interaction among the influencing factors in a safe state. Specifically, many kinds of substantial pressures appear in HATCs, which we refer to as multisource pressure \[[@pone.0222389.ref066],[@pone.0222389.ref068]\]. The multisource pressure results in the state mutation of HATCs. If the organizer developed a high-quality management response, which could reduce the multisource pressure and state mutation, then the HATC would be in a safe state. It is the positive interaction among the multisource pressure, state mutation and high-quality management response that ensures the safety of an HATC.

![The operating mechanism of highly aggregated tourist crowds in a safe state.](pone.0222389.g002){#pone.0222389.g002}

The occurrence mechanism of accidents {#sec008}
-------------------------------------

In accidents, the different factors resulted in different interactions among these factors. Therefore, this paper extracted and filtered the relationships among the 26 factors that are shown in [Table 1](#pone.0222389.t001){ref-type="table"} by analyzing the statement of the related factors of the text of the cases. The typical statements of the related factors in the cases and the relationships among these factors are shown in [Table 3](#pone.0222389.t003){ref-type="table"}.

10.1371/journal.pone.0222389.t003

###### The typical statements of the related factors and their interactive relationships of occurrence mechanism of accidents.

![](pone.0222389.t003){#pone.0222389.t003g}

  Interactive relationships between factors   A typical statement of the related factors
  ------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  F18→+accident                               However, the staff of the scenic spot is obviously not enough (F18, insufficient management response for tourists), and some tourists were retained (accident) at the top of the mountain before 10 am
  F23→+accident                               There was no staff to maintain the order of the tourists (F23, lack of a management response for tourists), and so the tourists were retained (accident)
  .......                                     ......

After analyzing the interactions of the factors in accidents, we used the Vensim PLE 7.0 software to draw the causal loop diagram (shown in [Fig 3](#pone.0222389.g003){ref-type="fig"}) of the factors resulting in accidents in HATCs.

![The interaction among the elements of HATCs in accidents.](pone.0222389.g003){#pone.0222389.g003}

According to [Fig 3](#pone.0222389.g003){ref-type="fig"}, there are 17 influencing elements for accidents. These elements interact with each other and form 53 causal loops. The typical loops are as follows:

The relationship among three elements is that F5 positively affects F11, F11 positively affects F23 and results in accidents, and F23 has a positive effect on F5. F5 positively affects F8, F8 positively affects F18 and results in accidents, and F18 has a positive effect on F5.

The relationship among four elements is as follows: F5 positively affects F8, F8 positively affects F11, and F11 positively affects F19, which results in accidents. Then, the accidents positively affect F5, F5 positively affects F11, F11 positively affects F13, and F13 positively affects F23, which results in accidents. Then, the accidents positively affect F5.

The relationship among five elements is as follows: F5 positively affects F11, F11 positively affects F13, F13 positively affects F8, and F8 positively affects F23, which results in accidents. Then, the accidents have positive effects on F5. F5 positively affects F8, F8 positively affects F9, F9 positively affects F11, and F11 positively affects F19, which results in accidents. Then, the accidents positively affect F5.

The relationship among six elements is as follows: F5 positively affects F8, F8 positively affects F9, F9 positively affects F11, F11 positively affects F13, and F13 positively affects F18, which results in accidents. Then, the accidents positively affect F5. F5 positively affects F8, F8 positively affects F9, F9 positively affects F11, F11 positively affects F13, and F13 positively affects F23, which results in accidents. The accidents have positive effects on F5.

The relationship among seven elements is as follows: F5 positively affects F13, F13 positively affects F8, F8 positively affects F9, F9 positively affects F11, F11 positively affects F15, and F15 positively affects F18, which results in accidents. The accidents have positive effects on F5.

It should be noted that when the management of the HATCs fails to respond or responds insufficiently, the risk of accidents may be aggravated, or the situation may even lead to accidents.

According to the interactive relationship among these elements in accident situations, this paper refined and proposed the occurrence mechanism (shown in [Fig 4](#pone.0222389.g004){ref-type="fig"}) of HATC accidents.

![The occurrence mechanism of HATC accidents.](pone.0222389.g004){#pone.0222389.g004}

Specifically, accidents are prone to occur in HATCs under two situations: First, when the management response cannot effectively manage the state mutation and reduce the multisource pressure appearing in HATCs, this means that there is a poor management response. Second, when there is a lack of management response to multisource pressure and state mutation, accidents are likely to occur.

The analysis of the coping paths of HATC accidents {#sec009}
==================================================

The coping paths of the accidents {#sec010}
---------------------------------

After the accidents happen, how do these factors interact with each other and how can one cope with these accidents? To explore the coping paths of accidents, this paper extracted and filtered the relationships among the 26 factors that are shown in [Table 1](#pone.0222389.t001){ref-type="table"} by analyzing the statements of the related factors in the text of the cases. The typical statements of the related factors in the cases and the relationships among these factors are shown in [Table 4](#pone.0222389.t004){ref-type="table"}.

10.1371/journal.pone.0222389.t004

###### The typical statements of the related factors and their interactive relationships of coping paths of the accidents.

![](pone.0222389.t004){#pone.0222389.t004g}

  Interactive relationships between factors   The typical statements of the related factors
  ------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  accident→+F14→+F17                          As tourists descended the mountain at the same time, a large number of tourists gathered together and were retained at night (accident). The tour bus company launched emergency plans to evacuate the tourists (F14, response of the emergency plan), such as increasing the number of buses (F17, strengthened management response).
  ......                                      ......

After analyzing the interactions of the factors after the accidents happened, this paper proposes the coping paths of HATC accidents. The causal loop diagram of the coping paths of the accidents is shown as [Fig 5](#pone.0222389.g005){ref-type="fig"}. These elements interact with each other and form 15 causal loops. The typical loops include the following.

![The coping paths of HATC accidents.](pone.0222389.g005){#pone.0222389.g005}

Typical loop 1: F1 positively affects F5, F5 positively affects F7, F7 positively affects F11, and F11 positively affects F23, which results in accidents. The accidents have a positive effect on F15, which has a negative effect on F5.

Typical loop 2: F4 positively affects F5, F5 positively affects F7, and F7 positively affects F8, which results in accidents. The accidents positively affect F14, F14 positively affects F17, and F17 negatively affects F5.

Typical loop 3: F1 positively affects F5, F5 positively affects F13, and F13 positively affects F20, which results in accidents. The accidents have a positive effect on F11, F11 positively affects F9, F9 positively affects F15, and F15 has a negative effect on F5.

Typical loop 4: F5 positively affects F11, and F11 positively affects F24, which results in accidents. The accidents positively affect F9, F9 positively affects F11, F11 positively affects F15, and F15 negatively affects F5.

Typical loop 5: F5 positively affects F13, and F13 positively affects F24, which results in accidents. The accidents have a positive effect on F8, F8 positively affects F9, F9 positively affects F11, F11 positively affects F15, and F15 has a negative effect on F5.

According to [Fig 5](#pone.0222389.g005){ref-type="fig"}, after the occurrence of HATC accidents, the multisource pressure and state mutation will be aggravated. Therefore, when organizers make a management response to an accident, they must take any new changes into account and reinforce the original management response.

The coping mechanism of HATC accidents {#sec011}
--------------------------------------

Based on the coping paths of the accidents, this paper refined and proposed the coping mechanism (shown in [Fig 6](#pone.0222389.g006){ref-type="fig"}) of HATC accidents.

![The response mechanism of HATC accidents.](pone.0222389.g006){#pone.0222389.g006}

When the HATC accidents appeared, the first principle of the response to the accidents was to adjust the management response and strengthen the management response measures to adapt to the new changes in the multisource pressure subsystem and the state mutation subsystem resulting from the accidents. Therefore, we can follow the subsequent path to cope with the accidents: Multisource pressure positively affected the state mutation, and the state mutation positively affected the poor management response / lack of a management response, which resulted in accidents. Accidents had positive effects on the multisource pressure, the multisource pressure positively affected the state mutation, and the state mutation positively affected the high-quality management response, which negatively affected the multisource pressure. Once the accidents occurred, if the organizer could form a high-quality management response that could result in mutual coordination and mutual coupling with the multisource pressure and the state mutation, HATCs would return to a safe state.

Conclusion and prospects {#sec012}
========================

Conclusion {#sec013}
----------

According to the comprehensive analysis, this paper found that the different states of HATCs are the results of the interaction of three main elements: multisource pressure, state mutations and management responses. The safe state of HATCs is the result of positive interactions among the multisource pressure, state mutations and a high-quality management response. The lack of a management response or a low-quality management response is the root cause of accidents because the lack of a management response or a low-quality management response cannot effectively reduce multisource pressure and improve the state mutation. The coping path of HATC accidents is as follows: multisource pressure positively affects the state mutation, and the state mutation positively affects the poor management response / lack of a management response, which results in accidents. Accidents have positive effects on the multisource pressure, the multisource pressure positively affects the state mutation, and the state mutation positively affects a high-quality management response, which negatively affects the multisource pressure.

This paper proposed some suggestions for the management of HATCs based on the occurrence mechanism and coping paths. First, the management response for HATCs should be strengthened. A high-quality management response is the basic foundation for the safety of HATCs. Therefore, organizers should strengthen the management response and form high-quality management responses. Second, this process attempts to form a virtuous circle of multisource pressure, state mutations and management responses. Organizers should dynamically assess the multisource pressure and state mutation targets to propose a high-quality management response and form a virtuous circle of the three main elements.

Limitations and further research {#sec014}
--------------------------------

This paper not only comprehensively analyzed the HATC accidents but also determined the occurrence mechanism and coping paths of HATC accidents. Inevitably, there are some limitations in this paper. First, this paper revealed the occurrence mechanism and coping paths of HATC accidents. We focused on the common factors influencing the occurrence of accidents and accident handling; however, the differentiation produced by different spatial situations has not been addressed in this study. In previous studies, many scholars have used spatial and temporal characteristics to explore the abnormal behaviors of crowds \[[@pone.0222389.ref069]--[@pone.0222389.ref071]\]. Therefore, it is necessary to strengthen the discussion of crowd behavior in different spaces in the future, and further study of different crowd management strategies in different spaces should be performed to determine effective management measures for HATCs. Second, this paper only qualitatively analyzed the occurrence mechanism and coping paths of HATCs accidents, which need to be empirically tested in the future. Furthermore, the safety assessment of dense crowds and the simulation of crowd behavior can be treated as a future research direction \[[@pone.0222389.ref026]\]. Crowd behavior was acknowledged as a complex phenomenon\[[@pone.0222389.ref072]\]. Thus, the simulation of crowd behavior is helpful for crowd management\[[@pone.0222389.ref073]\]. Therefore, we should focus on simulating crowds and developing targeted crowd management advice. In summary, future researchers can combine the occurrence mechanism of HATC accidents, construct a system dynamics model for HATCs, produce a simulation model for HATCs, dynamically assess the status of HATCs and develop an early warning mechanism for HATCs.
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